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© Method for solidifying triglycidyl isocyanurate. 

© A method for producing pulverizable solid triglycidyl isocyanurate, which comprises dispersing triglycidyl 
isocyanurate powder as seed to molten triglycidyl isocyanurate formed by the reaction of isocyanuric acid with 
epichlorohydrin, at a temperature of from 70 to 115 °C and cooling the dispersion. 
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METHOD FOR SOLIDIFYING TRIGLYCIDYL 1SOCYAN URATE 



The present invention relates to a method for producing pulverizable solid triglycidyl isocyanurate from 
molten triglycidyl isocyanurate formed by the reaction of isocyanuric acid with epichlorohydrin. 

The main component of technical grade triglycidyl isocyanurate is known to be tris 
(2,3-epoxypropyl)isocyanurate represented by the formula: 
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It is used primarily as a curing agent for polyester type powder paints, and in the field of sealing 
compounds for electronic materials and in other fields. 

For the production of triglycidyl isocyanurate, a process is known wherein isocyanuric acid is reacted 
with an excess amount of epichlorohydrin at a high temperature in the presence of a quaternary ammonium 
salt, the reaction product is cooled and subjected to a dehydrochbrination reaction with a strong base such 
as sodium hydroxide, the by-product is removed by filtration or washing with water, and excess epich- 
25 iprphydrin.. is distilled off under reduced pressure to obtain colorless transparent viscous triglycidyl 
isocyanurate. 

.. Several fnethods are known to convert viscous triglycidyl isocyanurate into powder or granule which is 
an advantageous product form for various applications. 

For example, there have been proposed a method wherein viscous triglycidyl isocyanurate is simply 
^ cooled to obtain solid substance, which is then pulverized (U.S. Patent 3,547.918), a recrystaliization 
method of viscous triglycidyl isocyanurate (Japanese Examined Patent Publication No. 1989/1967), and a 
crystallization method wherein viscous triglycidyl isocyanurate is added to a solvent for precipitation (U.S. 
Patent 3,483,168). 

In recent years, there has been a strong demand for reducing residual epichlorohydrin as far as 
35 possible i.e. to a level of not higher than 1,000 ppm, when triglycidyl isocyanurate is to be used as a curing 
agent for polyester type powder paints. 

As a method for removing residual epichlorohydrin. it is common to employ a method wherein 
triglycidyl isocyanurate formed by the reaction of isocyanuric acid and epichlorohydrin. is treated at a high 
temperature under a highly vacuumed condition to remove epichlorohydrin. U.S. Patent 3,547.918 discloses 
40 that when such triglycidyl isocyanurate is dried at 90-1 00 °C under a highly vacuumed condition for 20-30 
minutes, the dried product will completely solidify in about one hour. However, the removal of epich- 
lorohydrin under such a condition is not still adequate. In order to efficiently remove eichlorohydrin 
adequately, i.e. to a level of the residual epichlorohydrin being not higher than 1,000 ppm, preferably not 
higher than 100 ppm, it is usually required to heat the formed triglycidyl isocyanurate at a temperature 
45 higher than its melting point i.e. at least 92°C. For example, U.S. Patent 4,395,542 discloses that such 
triglycidyl isocyanurate was treated at 122-1 67° C under 8 millibar to reduce the residual epichlorohydrin to 
a level of 4-459 ppm. However, if treated at such a high temperature, the completely molten highly viscous 
triglycidyl isocyanurate will hardly be solidified, or the solidification speed of the viscous triglycidyl 
isocyanurate will be very slow, and it takes at least a few days to obtain a pulverizable solid product by the 
method wherein the viscous triglycidyl isocyanurate is simply cooled. 

It is believed that such triglycidyl isocyanurate is hardly solidified because it contains from 5 to 15% by 
weight of other substances such as diglycidyl isocyanurate, products formed by the ring opening of epoxy 
rings, etc. 
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On the other hand, the above-mentioned recrystallization and precipitation methods involve cum- 
bersome operations. Besides, they are not economically advantageous, since the yield of the triglycidyl 
isocyanurate product is low. 

The present inventors have conducted extensive researches to develop a method for directly and 
5 efficiently solidifying molten viscous triglycidyl isocyanurate formed by the reaction of isocyanuric acid with 
epichlorohydrin, and have finally accomplished the present invention. 

The present invention provides a method for producing pulverizable solid triglycidyl isocyanurate, which 
comprises dispersing triglycidyl isocyanurate powder as seed to molten triglycidyl isocyanurate formed by 
the reaction of isocyanuric acid with epichlorohydrin, at a temperature of from 70 to 115°C and cooling the 
10 dispersion. 

Now, the present invention will be described in detail with reference to the preferred embodiments. 

The triglycidyl isocyanurate to be solidified by the present invention is viscous molten triglycidyl 
isocyanurate obtained by the reaction of isocyanuric acid with epichlorohydrin. 

More specifically, it is molten triglycidyl isocyanurate obtained by removing, by filtration or washing with 
75 water, by-products such as sodium chloride from the reaction product obtained by the reaction of 
isocyanuric acid and epichlorohydrin, and further removing epichlorohydrin. 

The molten triglycidyl isocyanurate preferably has an epoxy value of at least 8.8 and an epichlorohydrin 
content of not higher than 1,000 ppm, preferably not higher than 100 ppm. more preferably not higher than 
50 ppm. 

20 The triglycidyl isocyanurate used as seed in the present invention includes various types of triglycidyl 
isocyanurate. 

In general, triglycidyl isocyanurate is known to be an a-type (melting point 103-105), a £-type (melting 
point 156-158°C) or a mixture thereof (mixture of a -and 0-types). These different types of triglycidyl 
isocyanurate may be used individually or in combination as a mixture. 
25 Technical grade of triglycidyl isocyanurate formed by the reaction of isocyanuric acid with epich- 
lorohydrin is usually a mixture of a-and /3-types including impurities such as diglycidyl isocyanurate, 
products. formed by the ring opening of epoxy rings and usually has a melting point of from 92 to. 115°C, 
: uv t Inglycidyl I ^socyanurate obtained by the method of the present invention .as well as commerciaHy 
... available triglycidyl isocyanurate and triglycidyl isocyanurate (mixture of a-and 0-types) recrystallized from 
30 methanol, may also be used as seed. y/ 
The smaller the particle size of the triglycidyl isocyanurate powder as seed is. the greater the effect as 
seeds for crystal growth is, and the faster the solidification becomes. 

The particle size is usually at most 4 mesh pass, preferably at most 8-12 mesh pass, more preferably 
at most 20 mesh pass. The seed is dispersed in an amount of from 0.5 to 40% by weight, preferably from 5 
35 to 40% by weight, more preferably from 10 to 30% by weight, relative to the total amount of the triglycidyl 
isocyanurate powder as seed and the molten triglycidyl isocyanurate. If the amount is less than 0.5% by 
weight, the solidification time tends to be too long. On the other hand, if the amount exceeds 40% by 
weight, the mixture tends to be a highly viscous slurry, whereby the mixing operation tends to be difficult, 
such being disadvantageous from the practical point of view. 
40 The temperature for dispersing seed to the molten triglycidyl isocyanurate is usually from 70 to 115°C, 
preferably from 75 to 90°C, more preferably from 80 to 88°C. When the dispersing temperature is within a 
range of from 92 to 115*0, the seed may gradually melt and the effect of the seed may accordingly be 
reduced. Nevertheless, the operation can be conducted within such a temperature range by adding seed 
afresh. If the dispersing temperature is lower than 70°C, the dispersion of the seed tends to be difficult, 
45 such being disadvantageous from the practical point of view. 

The shorter the time for the dispersion of seed, the better so long as uniform dispersion can be 
obtained. If the time for the dispersing and mixing is prolonged, it is likely that seed dissolves and the 
viscosity of the system increases. Usually, the dispersing and mixing operation is conducted within 1 hour. 
The dispersion thus obtained is then cooled to 60°C over a period of at least 2 minutes, preferably from 
so 3 to 30 minutes. 

Triglycidyl isocyanurate solidified by the method of the present invention can readily be pulverized by a 
conventional pulverizer to any desired particle size. 

Now, the present invention will be described in further detail with reference to Examples and 
Comparative Examples. However, it should be understood that the present invention is by no means 
55 restricted to such specific Examples. 
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PREPARATION EXAMPLE; 
Preparation of triolvcidvl isocvanurate 

5 Viscous molten triglycidyl isocyanurate used in the present invention was prepared by the following 
method. 1.29 kg of isocyanuric acid, 13.88 kg of epichlorohydrin and 0.05 kg of tetramethylammonium 
chloride, were stirred at a temperature of from 100 to 120° C for 4 hours. 

Then, the mixture was cooled to 5G°C t and 2.64 kg of a 50% sodium hydroxide aqueous solution was 
added over a period of 4 hours while azeotropically removing water under a reduced pressure of from 80 to 

to 100 mmHg at a temperature of from 45 to 50°C. Sodium chloride formed as a by-product and impurities 
were removed by washing with water, and excess epichlorohydrin was distilled off under reduced pressure. 
Further, nitrogen purging was conducted at 110°C in a molten state under a reduced pressure of 10 mmHg 
for 1 hour to reduce the epichlorohydrin content to a level of not higher than 80 ppm. Thus, 2.55 kg of 
colorless transparent viscous molten triglycidyl isocyanurate (a-type 69%, £-type 22%, others 9% by 

rs weight) was obtained. 

The epoxy value was 9.8, the chlorine content was 12% by weight, and the yield based on the 
isocyanuric acid was 86%. 



20 COMPARATIVE EXAMPLE 1 

250 g of methanol was added to 100 g of the viscous molten triglycidyl isocyanurate obtained in the 
Preparation Example, and the mixture was stirred at 60 °C for 30 minutes. Then, the mixture was subjected 
to precipitation at 0°C t followed by filtration to obtain 86 g of a white powder of triglycidyl isocyanurate (a- 
25 type 74%, 0-type 25%, others 1% by weight). The epoxy value was 9.9. the chlorine content was 02% by 
weight, and the yield based on the isocyanuric acid was 76%. 

"\ 'VVv 

COMPARATIVE EXAMPLE 2 . . - ,:^V 

100 g of the viscous molten triglycidyl isocyanurate obtained in the Preparation Example was 
transferred onto a metal sheet in the same manner as in Example 4 of U.S. Patent 3.547,918 and left to 
cool at room temperature for 1 day and night whereby it did not solidify but became a very viscous paste- 
like substance. Further, it was left to stand at room temperature for 1 week, but it did not solidify to such an 
35 extent that it was putverizable. 



EXAMPLE 1 

40 Into a 500 ml reaction flask equipped with a stirrer and a thermometer. 320 g of the viscous molten 
triglycidyl isocyanurate obtained in the Preparation Example, was charged. Then, 50 g of triglycidyl 
isocyanurate powder, (12 mesh pass, melting point: 92-115°C (a-type 69%. j8-type 22%, others 9% by 
weight)) was added as seed. The mixture was uniformly dispersed at a temperature of from 82 to 84° C 
under stirring for 10 minutes. Then, the dispersion was transferred to a flat bat and left to cool at room 

45 temperature. In 2 minutes, the temperature of the dispersion dropped to 60°C and solidified in 8 minutes to 
such an extent that it was puh/erizable. The Durometer hardness (A-model) was from 80 to 90. 



EXAMPLE 2 

50 

The same treatment as in Example 1 was conducted except that 50 g of triglycidyl isocyanurate powder 
(12 mesh pass, melting point 92-1 15°C) was added as seed to 320 g of the viscous molten triglycidyl 
isocyanurate obtained in the Preparation Example, and uniformly dispersed at 95°C under stirring for 10 
minutes. Then, the dispersion was transferred to a flat bat and left to cool at room temperature for 24 hours 
55 to obtain a solidified product The Durometer hardness (A-model) of the solidified product was from 80 to 
90. 
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EXAMPLES 3 to 8 

By using 320 g of the viscous molten triglycidyl isocyanurate obtained in the Preparation Example, the 
solidification was conducted in the same manner as in Example t under the conditions as identified in Table 
5 1. In Example 8, the particle size of the seed was 42 mesh pass. In other Examples, the particle size of the 
seed was 12 mesh pass. 
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* Particle size of the seed is 42 mesh pass 

It is evident from Table 1 that as compared with the conventional methods represented by the 
Comparative Examples, the method of the present invention is superior in that the solidification time can be 
remarkably shortened. 

40 

Claims 

1. A method for producing pulverizable solid triglycidyl isocyanurate, which comprises dispersing 
triglycidyl isocyanurate powder as seed to molten triglycidyl isocyanurate formed by the reaction of 

45 isocyanuric acid with epichlorohydrin, at a temperature of from 70 to 115°C and cooling the dispersion. 

2. The method according to Claim 1, wherein the dispersion is cooled to 60°C over a period of at least 
2 minutes. 

3. The method according to Claim 1 , wherein the triglycidyl isocyanurate powder as seed has a particle 
size of at most 4 mesh pass. 

50 4. The method according to Claim 1, wherein the triglycidyl isocyanurate powder is dispersed in an 
amount of from 0.5 to 40% by weight relative to the total amount of the triglycidyl isocyanurate powder and 
the molten triglycidyl isocyanurate. 
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